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Abstract: The aim of the present study was to examine the measurement invariance
(MI) of the reading, mathematics, and science tests in terms of the commonly used
languages. It also aimed to examine the differential item functioning (DIF) of the
PISA test, the original items of which are in the languages of English and French, in
terms of the language variable. As a result of the MI analyses, it was concluded that
the best working model for the reading comprehension, mathematics and science tests
in terms of the commonly used languages for all three tests was the strong factorial
invariance model. As a result, it was found that MI could not be established for any of
these tests. Moreover, the analyses indicated that population heterogeneity (PH) could
not be obtained in any of the three tests, and that the latent means for these tests were
not equal. Furthermore, DIF was identified in more than half of the items. It can be
deduced that this condition may result in an increase in the number of items with DIF
specifically in terms of the variety in the number of languages.

Yaygin Kullanilan Diller Agisindan PISA 2015 Bilissel Testleri icin Ol¢me
Degismezliginin ve Degisen Madde Fonksiyonlarinin incelenmesi

Oz: Bu arastirmanin amac1, PISA 2015 uygulamasina ait okudugunu anlama becerisi,
matematik ve fen okuryazarligi testlerinin yaygin kullanilan diller agisindan 6lgme
degismezligini ve s6z konusu testlere ait maddeler igin orijinal dili olan Ingilizce ve
Fransizca olan PISA’nin dil degiskenine gore degisen madde fonksiyonunu
incelemektir. Bu dogrultuda PISA uygulamasinda orijinal diller diginda yaygin
kullanilan bes test dili belirlenmistir. Ol¢gme degismezligi analizleri sonucunda
okudugunu anlama becerisi, matematik ve fen okuryazarlig: testlerinin {i¢li i¢in de
yaygin kullanilan diller agisindan en iyi ¢alisan modelin giiglii faktoriyel degismezlik
modeli oldugu ve dolayisiyla bu testler i¢in 6lgme degismezliginin saglanamadigi
sonucuna ulagilmistir. Diger taraftan maddelerin yarisindan ¢ogunda DMF tespit
edilmistir. Bu durum, &zellikle dil sayisindaki cesitlilik ile birlikte degisen madde
fonksiyonuna sahip madde sayisinin da artmasma neden olabilecegi bigiminde
diigtiniilebilir.
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1. Introduction

The standardized large-scale international assessments play an important role, especially for
decision makers and policy makers. Large-scale tests are not only used to identify the
strengths and weaknesses of the education system of a certain country but also to compare
different countries’ education systems. Many countries allocate a large amount of funds to
these large-scale tests and place a high level of confidence on the results of these tests. For
this reason, the findings obtained from large-scale tests are very important.

Some important problems in making comparisons among countries, which is a key feature of
large-scale tests, are discussed in the related literature (Huang, 2010; Huang, Wilson, &
Wang, 2016; Roth, Ercikan, Simon, & Fola, 2015). To ensure the validity of the comparison
of scores obtained from these large-scale tests, the participant groups (or subgroups) need to
have the same or a similar level of knowledge and skills. From this perspective, the
Programme for International Student Assessment (PISA), which is one of the large-scale
studies, conduct their research on 15-year-old students. However, this condition is not
sufficient for making valid comparisons. The participant groups should be comparable not
only in the measured trait, but also in some aspects of assessment such as bias.

Bias is the condition where the test scores obtained from the groups with various traits
(gender, culture, language, etc.) are not equivalent (Van de Vijver & Poortinga, 1997). On the
other hand, item bias emerges in relation to the content of the items or is based on
communication. In educational research studies, students who participate in different
education programs may not be familiar with certain topics. When students speaking different
languages are assessed, bias may occur due to translation errors (Marotta, Tramonte, &
Willms, 2015). The increase in the difficulty of understanding words chosen within the course
of a bad translation process particularly challenges young students. Hence, difficulties in
understanding words negatively impacts interpretation as well (He & Wolfe, 2010).

The most probable source of bias in the scores obtained from large-scale tests is attributed to
multilingualism and multiculturalism (Huang, Wilson, & Wang, 2016). The equality of the
test is jeopardized by the differentiation in students’ familiarity with the content and the topic
of the questions derived from translation or errors in translation. Moreover, it is jeopardized
by means of conditions in which some items are found difficult or easy by different students
having the same level of ability in different countries. However, by conforming to the rules of
international studies and with the support of participant countries, the exact equality of
different language versions of tests can be ensured. Despite these measures, numerous studies
report that the comparability of the scores obtained from the different language versions of
tests is under risk (Allalouf, Hambleton, & Sireci, 1999; Grisaya & Monseur, 2007; Price &
Oshima, 1998). This condition shows that it is essential to establish measurement invariance
(MI) so that valid comparisons can be made among students who are assessed in different
languages. By MI, synchronous assessment of the equality of structural parametres for more
than one group can be obtained. In the related literature, it is possible to encounter different
terms for different tests of M1, such as the factor structure equality test, metric invariance and
factorial invariance. In addition, the examination of the structural congruence also leads to
the assessment of the concept of population heterogeneity (Brown, 2006).

Numerous studies have reported problems in the accuracy and validity of the comparability of
test scores deriving from the language of the test (Abedi, 2004; Abedi, Hofstetter, & Lord,
2004; Butler, Bailey, Stevens, Huang, & Lord, 2004; Nguyen & Cortes, 2013). There are also
various tests reporting that MI cannot be established in different languages and different
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countries (Allalouf, 2000; Ercikan & Koh, 2005; Price & Oshima, 1998; Xie & Wilson,
2008). However, there are few studies that have conducted differential item functioning (DIF)
analyses in order to identify potential item biases in conditions where MI is not established
(Alath & Bokeoglu, 2018; Ardic & Gelbal, 2017; French, Finch, & Vazquez, 2016; Huang,
Wilson, & Wang, 2016; Oliveri, Ercikan, & Zumbo, 2013). Furthermore, the number of
studies that have focused on the language and translation of the test is quite limited (Alath &
Bokeoglu, 2018; Huang, Wilson, & Wang, 2016; Oliveri, Ercikan, & Zumbo, 2013).

Alathh and Bokeoglu (2018) have examined the MI of the reading comprehension,
mathematics and science literacy subtests in PISA 2012 with respect to the language variable.
It was found that structural invariance was established in the tests, while metric invariance
was not. In the math literacy, science literacy and reading comprehension tests, the items with
DIF in terms of the language variable were found to constitute 35%, 34% and 22% of the test,
respectively. The tests including the highest degree of DIF were the English and Chinese
versions. In a study aiming to identify these sources of DIF deriving from translation, Huang,
Wilson, and Wang (2016) identified four fundamental language-based sources of DIF. These
are the insufficiencies in students’ vocabulary in understanding the key word choices, the
length of the texts, the grammatical structures of key sentences, and the contextual meanings
of the texts. In the study they conducted with the data set of PIRLS 2006, Oliveri, Ercikan,
and Zumbo (2013) examined the DIF source with respect to the Chinese and Arabic
languages. The students were distributed heterogeneously based on the language they spoke
into three different latent classes determined according to latent class analyses.

The aim of the present study was to examine the MI of the selected cognitive test forms of
reading comprehension, mathematical literacy, and science literacy tests of PISA 2015 in
relation to the most commonly used languages (English, Spanish, Arabic, Portuguese,
Chinese, German, French, and Turkish). It also aimed to examine the differential item
functioning of the items in the same tests with respect to the language variable (the original
languages of English and French).

2. Method

2.1. Data

In the present study, the PISA 2015 data set, provided to the researchers by OECD, were
used. Seven commonly used test languages (minimum 3% and above) were identified in
PISA, which is implemented in 47 languages with the participation of a total of 519,334
students. These are English, Spanish, Arabic, Portuguese, Chinese, German and French.
These test languages constitute 59.14% of the data in total (n=307124). When Turkish is also
added to this data, the ratio increases to 60.28% (n=313080). The data of English, which is the
most commonly used language, constitute 17.52% of the total data (n=90996). The countries
where the language of the test is English are Australia, Canada, Cyprus, Hong Kong,
Luxembourg, Macau, Malaysia, New Zealand, Scotland, Singapore, Sweden, the United Arab
Emirates, the United Kingdom, and the Unites States of America. The data of Spanish, which
is the second most commonly used language, constitute 16.33% of the total data (n=84797).
The countries where the language of the test is Spanish are Chile, Columbia, Costa Rica,
Mexico, Peru, Spain, and Uruguay. The data of Arabic, which is the third most commonly
used language, constitute 6.6% of the total data (n=34283). The countries where the language
of the test is Arabic are Israel, Tunisia, and the United Arab Emirates. The data of Portuguese,
which is the fourth most commonly used language, constitute 5.65% of the total data
(n=29348). The countries where the language of the test is Portuguese are Brazil, Macau, and
Portugal. The data of Chinese, which is the fifth most commonly used language, constitute
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5.07% of the total data (n=26354). The places where the language of the test is Chinese are
China, China Taipei, and Macau. The data of German, which is the sixth most commonly
used language, constitute 4.23% of the total data (n=21946). The countries where the
language of the test is German are Austria, Belgium, Germany, Italy, and Luxembourg.
Finally, the data of French, which is the seventh most commonly used language, constitute
3.74% of the total data (n=19400). The countries where the language of the test is French are
Canada, Belgium, France, and Luxembourg. On the other hand, the tests in Turkish are
implemented only in Turkey, and the Turkish data constitute 1.15% (n=5956) of the total
data.

In the analyses of the reading comprehension scores, the data were obtained from booklet
number 41, and in the analyses of mathematical literacy scores, the data were obtained from
booklet number 43. The data sets used in the analyses of reading comprehension and
mathematical literacy are relatively simple, so they were easily selected from a single booklet
for each analysis; however, the data sets for the analysis of science literacy scores were more
complex, so six data sets were obtained, of which the 5" data set was selected for use in this
study. In the data set selected for analyses of science literacy scores, the data were obtained
from booklet numbers 33, 42, 45, 54 and 93. As the number of participants taking the tests in
Turkish was low, the data set in which the number of participants in the Turkish test were
high were taken into consideration for comparability in the selection of the Turkish booklets.

With respect to the reading comprehension test of PISA 2015, analyses were conducted with
the data of 7,265 participants, in accordance with the study’s primary and secondary aims. Of
the participants, 29.9% had taken the test in English (n=2175), 24.3% in Spanish (n=1769),
9.3% in Arabic (n=675), 11.1% in Portuguese (n=807), 9.6% in Chinese (n=694), 8% in
German (n=583), 5.5% in French (n=403) and 2.2% in Turkish (n=159).

With respect to the mathematical literacy test, analyses were conducted with the data of 7,855
participants. Of the participants, 29.4% had taken the test in English (n=2308), 28% in
Spanish (n=2199), 8.3% in Arabic (n=652), 9% in Portuguese (n=706), 9.2% in Chinese
(n=719), 8% in German (n=626), 6.1% in French (n=477) and 2.1% in Turkish (n=168).

Finally, with respect to the science literacy test, analyses were conducted with the data of
7,008 participants. Of the participants, 28.2% had taken the test in English (n=1979), 27.9%
in Spanish (n=1954), 7.9% in Arabic (n=552), 11% in Portuguese (n=772), 9.6% in Chinese
(n=672), 7.5% in German (n=529), 5.9% in French (n=413) and 2% in Turkish (n=137).

2.2. Data Analysis

In accordance with the aim of the study, descriptive statistics, KR-20 reliability analysis and
an equality test of covariance matrices were performed to test the statistical assumptions.
Confirmatory factor analysis (CFA) and multi-group CFA were performed to seek the
responses to the research questions regarding MI, while Mantel-Haenszel’s methods and
Raju’s two-parameter logistic (2PL) models were employed to seek responses to the research
questions regarding DIF.

Multi-group CFA was conducted to determine whether or not MI was established in the
reading comprehension, mathematical literacy and science literacy test scores. Prior to the MI
analyses, the test statistics, normality tests, and reliability coefficients of the groups under
study were initially calculated in accordance with the basic assumptions of the analysis.
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Table 1
Test Statistics, Normality Tests, and Reliability Coefficients for the PISA Reading
Comprehension Test Scores

Form Lang. n Mean Median  Mode(s)  SD Range  Skw." Kur.” KR-20
English 2175  15.76 16 18 6.06 28 -.28 -71 .87
Spanish 1769  13.21 13 12 5.87 27 -.03 -.76 .86
Arabic 675 9.36 9 4&7 4.89 24 31 -.52 91
Portuguese 807 10.32 10 10 5.87 27 .36 -.56 .93
Chinese 694 16.51 17.5 19 5.38 27 -.65 -.11 .85
German 583 15.69 16 17 5.77 26 -.40 -.57 .86
French 403 15.88 17 21 5.97 27 -47 -.50 .87
Turkish 159 11.65 12 11 4.97 22 A2 -.68 .82

1 2 .
Skewness “ Kurtosis

As can be seen in Table 1, it can be maintained that in terms of total scores, the measures of
central tendency for the groups who took the PISA reading comprehension test in different
languages are relatively close to each other. The coefficients of skewness and kurtosis are

within +1 interval which indicates that the distribution is close to normal (Rosenthal &

Rosnow, 2008). Even though the coefficients presented in Table 1 are within T interval, it
can be stated that the distribution of the Arabic, Portuguese and Turkish test scores are
somewhat positively skewed, while the distribution of the scores of the other languages are
somewhat negatively skewed. As for the internal reliability coefficients, calculated based on
the scores obtained from the tests of the groups, it can be observed that they are generally at
an acceptable level. According to Nunnaly and Bernstein (1994), a reliability coefficient
between .70 and .80 is adequate for studies to be considered reliable. In the present study, the
KR-20 reliability coefficients for all the tests were found to be above .80.

Moreover, the equality of covariance matrices, one of the multi-group CFA assumptions, was
tested once again for the reading comprehension test. As a result of analysis, the following
data set was found: S-By*(2842)=8888.57, S-By*/df=3.13, RMSEA=.048, CFI=.94, and
SRMR=.11. Accordingly, the degree of freedom and S-By” are around 3, RMSEA is below
.05, CFI is above .90 and SRMR is above .08. A general examination of the fit indices
indicates that there is a fit among the eight-covariance matrices.

Based on the basic assumptions of the analysis, the values obtained from the test statistics,
normality tests, and reliability coefficients of the mathematical literacy test of the groups
under study are presented in Table 2.

Table 2
Test Statistics, Normality Tests, and Reliability Coefficients for the PISA Mathematical
Literacy Test Scores

Form Lang. N Mean Median  Mode SD Range  Skw. Kur. KR-20
English 2308 9.43 9 9 4.55 22 .28 -.63 .82
Spanish 2199  6.86 6 4 4.18 21 .70 -.16 .81
Arabic 652 4.15 3 3 2.99 17 1.20 1.53 1
Portuguese 706 5.94 5 2 3.92 20 .92 .52 .80
Chinese 719 12.14 13 13 4.84 21 -.15 -.85 .84
German 626 10.13 10 10 4.66 21 .05 -79 .83
French 477 9.60 9 6 4.59 21 13 -.82 .84

Turkish 168 6.04 5 3 3.88 18 .93 .50 78
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As can be seen in Table 2, it can be maintained that in terms of total scores, the measures of
central tendency for the groups who took the PISA mathematical literacy test in different
languages are relatively close to each other. Even though the skewness and kurtosis

coefficients are within ~ 1 interval for all the commonly used languages except Arabic, it can
be stated that the distribution of the Chinese test scores are somewhat negatively skewed,
while the distribution of the scores of the other languages are somewhat positively skewed.
The distribution for the Arabic data can be said to be positively skewed, peaked, and
exceeding the tolerance limit. As for the internal reliability coefficients, calculated based on
the scores obtained from the tests of the groups, it can be observed that they are generally at
an acceptable level. In other words, the KR-20 reliability coefficients for all the tests, except
for the Arabic and Turkish mathematical literacy tests, were found to be above .80.

The equality of the covariance matrices for the mathematical literacy test was tested. As a
result of analysis, the following was found: S-By*(1771)=14753.3, S-By’/df=8.33,
RMSEA=.086, CFI=.79, and SRMR=.11. Accordingly, the degree of freedom with S-By” is
around 5, RMSEA is above .08, CFI is below .90 and SRMR is above .08. An overall
examination of the fit indices indicates that there is no fit among the eight-covariance
matrices.

Finally, based on the basic assumptions of the analysis, the values obtained from the test
statistics, normality tests and reliability coefficients of the science literacy test for the groups
under study are presented in Table 3.

Table 3
Test Statistics, Normality Tests, and Reliability Coefficients for the PISA Science Literacy
Test Scores

Form Lang. N Mean Median Mode(s)  SD Range  Skw. Kur. KR-20
English 1979  16.47 17 17&23 733 33 -.06 -.94 .89
Spanish 1954  12.25 11 8 6.80 31 43 -.63 .88
Arabic 552 8.84 8 5 5.66 29 .85 44 .87
Portuguese 772 9.21 8 5 6.52 32 .88 19 .88
Chinese 672 19.14 20 27 6.74 33 -44 -.53 .86
German 529 16.30 16 13 6.75 29 .03 -.92 .86
French 413 16.15 16 19&22 713 32 -.11 -.96 .88
Turkish 137 10.70 10 11 5.43 26 .63 -.14 .82

As can be seen in Table 3, it can be maintained that in terms of the total scores, the measures
of central tendency for the groups who took the PISA science test in different languages are
relatively close to each other. Even though the skewness and kurtosis coefficients are within

™1 interval for all of the commonly used languages, it can be stated that the distribution of the
English, Chinese, and French test scores are somewhat negatively skewed, while the
distribution of the scores of the other languages are somewhat positively skewed. As for the
internal reliability coefficients, calculated based on the scores obtained from the tests of the
groups, it can be observed that they are generally at an acceptable level. In other words, the
KR-20 reliability coefficients for all the tests were found to be above .80.

The equality of the covariance matrices for the science literacy test was tested. As a result of
analysis, the following was found: S-BX2(4165)=10608.53, S-sz/df=2.55, RMSEA=.042,
CFI=.95, and SRMR=.089. Accordingly, the degree of freedom with S-By’ is below 3,
RMSEA is below .05, CFI is equal to .95 and SRMR is above .08. An overall examination of
the fit indices indicates that there is fit among the eight-covariance matrices.
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MI was tested based on four models: (a) structural invariance model (model 1), (b) weak
factorial invariance model (model 2), (¢) strong factorial invariance model (model 3) and (d)
strict factorial invariance model (model 4). Population heterogeneity (PH), on the other hand,
was tested based on two models, namely the variance equality model (model 5) and
invariance of latent means model (model 6). As the reading comprehension, mathematical
literacy and science literacy tests in PISA 2015 are each addressed as a single factor, the
covariance invariance was not tested. Model comparisons in terms of both MI and PH were
made within nested models. In other words, a step-by-step approach was assumed to evaluate
the fit by comparing the more restricted nested model and the less restricted nested model.

With the correction of Satorra-Bentler, the > value (S-By®) was calculated owing to the
presence of data deviating somewhat from the normal distribution and the calculation of the
x> difference degrees among the models. In numerous studies where analyses under the
umbrella term SEM are performed, distribution(s) can deviate from the normal distribution
within certain tolerance limits. In large sample sizes where a normal distribution cannot be
obtained, S-By” yields values close to * produced in normal distributions of small sample
sizes. S-By” is a considerably reliable test statistic in the evaluation of covariance structure
models in various sample sizes and score distributions (Byrne, 2006; Everitt & Howell, 2005).

On the other hand, in hypothesis tests, the acceptable level of significance is .05; as n>300 in
the data sets, except for the Turkish data, the cut off values for MI in multi-group CFA were
as follows: ACFI<-.01 for the comparison of the three models, ASRMR=.03 for the weak
factorial invariance test, and ASRMR=.01 for the strong factorial invariance and strict
factorial invariance tests (Chen, 2007).

The Raju area index, which is a technique in the item response theory and compatible with the
2-parameter logistic model and Mantel-Haenszel technique, which is one of the classical
differential item functioning approaches, was employed. The Mantel-Haenszel technique is a
chi-square based test technique (Agresti, 2010). It measures the degree of difference in the
performance of the focus and reference groups. In identifying the DIF, it can be stated that |A-
MH | < 1 was an ignorable level (Level A); 1< |A-MH | < 1.5 a moderate level (Level B); |A-
MH | >1.5 an important level in the item (Level C) (Zieky, 1993). In the present study, the
values obtained from levels B and C were selected as DIF measures. In Raju’s area indices
method conducted with DIF, the item parameters or item characteristic curves obtained from
the focus and reference groups are compared. If the item characteristic curves placed on the
same plane overlap, or if the area between the item characteristic curves is zero, bias is
believed to be nonexistent. As the size of the area between the item characteristic curves
deviate from zero, the item bias increases (Raju, 1990). The significance level of the
hypothesis test used in Raju’s area index was accepted as .05.

3. Results

3.1. Findings Relation to Measurement Invariance and Population Heterogeneity

The MI for the groups taking the PISA reading comprehension test in English, Spanish,
Arabic, Portuguese, Chinese, German, French and Turkish was tested via multi-group CFA.
The findings obtained from the analyses are presented in Table 4.

Table 4
Measurement Invariance Findings Related to English, Spanish, Arabic, Portuguese, Chinese,
German, French, and Turkish Groups of Reading Comprehension Test (Maximum Likelihood)

S-By’(df)' Ax*(Adf) x*/df  Ax*Ad CFI ACFI SRMR ASRM DECISIO
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f R N
English 1356.03(350) - 3.87 - 97 - .031 = =
Spanish 1581.78(350) - 452 - 95 - .037 - -
Arabic 685.90(350) - 196 - 94 - .044 - -
Portugues  2348.02(350) - 6.71 - .86 .069 - -
e
Chinese 675.18(350) - 193 - 2% - .041 - -
German 866.32(350) - 248 - 94 - .048 - -
French 710.53(350) - 203 - 94 - .052 - -
Turkish 424.06(350) - 121 - 94 - .070 - -
Model 1* 1554839319 - 487 - 88 - 120 - -
2)
Model 2°  12559.25(299  2989.14(196)  4.19 15.25 91  -.03 .084 .036 Hy:Reject
6)
Model 3¢ 8694.29(2800) 3864.96(196)  3.11 19.72 94  -.03 .069 .015 Hy:Reject
Model 4°  11442.94(299  -2748.65(- 3.82 14.03 92 .02 .100 -.031 Hy:Accept
6) 196)
Model 5°  28843.04(338  -17400.10(- 851 4439 a5 17 120 -.020 Hy:Accept
8) 392)
Model 6" 25803.95(338  3039.09(7) 7.63 43416 .78 -.03 .160 -.040 Hy:Reject
D

! p<.05, A Configural Invariance (factor loads, factor correlation and error variance are constant), B Weak Factorial Invariance
(factor loads, factor correlation and error variance are constant), © Strong Factor Invariance (factor loads and error variance are
free; factor correlation is constant), ° Strict Factorial Invariance (error variance is free; factor loads and factor correlation are
constant), ® Equality of variance, © Equality of latent means

When the fit indices are obtained as an outcome of the CFA analyses for each individual
group taking the PISA reading comprehension test in the languages under study, it can be
stated that the fit indices obtained from the eight groups meet the acceptable levels to a large
extent. Accordingly, for the groups under study, the S-By” and level of freedom values for all
the groups, except English, Spanish and Portuguese, were found to be around 2 (it can be
stated that as the number of individuals in the groups taking the English and Spanish tests is
high, the S-By*/df for these groups turns out to be relatively high), while the CFI was above
.90 and SRMR was below .08. It can be stated that among these data, the fit indices for
Portuguese was not sufficient, but when the fit indices for the other languages were examined,
each group under study was confirmed.

With the purpose of evaluating MI, initially the factor loadings, factor correlations and the
structural model constructed with the hypothesis showed no significant difference in the error
variances of the groups taking the reading comprehension test in English, Spanish, Arabic,
Portuguese, Chinese, German, French, and Turkish. The analyses revealed that the S-sz and
degree of freedom ratios were below 5, CFI was below .90 and SRMR was above .08. The
overall examination of the fit indices indicates that the fit indices of the structural model meet
the acceptable level.

When the structural invariance (Model 1) and weak factorial invariance (Model 2) models
were compared, it was observed that the fit improved with respect to the S-BAy” and Adf
ratios of the two models. Accordingly, it was found that the T, value calculated for the S-By’
degree of difference was 2321.13, and that this value was higher than the critical value in the
x* distribution table, % in(196)=229.66, p<.05. Moreover, it can be stated that there was a
ACFI value of significant difference (>-.01), and that the ASRMR variance was also
significant (>.03).



160 Novitas-ROYAL (Research on Youth and Language)
Sekercioglu & Kogar

When the weak factorial invariance (Model 2) and the strong factorial invariance (Model 3)
models were compared, it was observed that the fit improved with respect to the S-BAy” and
Adf ratios of the two models. Accordingly, it was found that the T value calculated for the S-
By degree of difference was 3479.94, and that this value was higher than the critical value in
the 5 distribution table, % i 196)=229.66, p<.05. Moreover, it can be stated that there was a
ACFI value of significant difference (>-.01), and that the ASRMR variance was also
significant (>.01).

Finally, when the strong factorial invariance (Model 3) and the strict factorial invariance
(Model 4) models were compared, it was observed that the fit weakened in terms of the S-
BAy’ and Adf ratios. The fit also weakened with respect to the ACFI and ASRMR values.

On the other hand, when Model 4 and Model 5 are compared with respect to the equality of
variance, it can be stated that fit indices worsened to some degree in terms of the S-BAy” and
Adf ratio. The fit also worsened with respect to the ACFI and ASRMR values. When Model 5
and Model 6 were compared in terms of the equality of latent means, it can be stated that fit is
improved to some degree in terms of the S-By” and df ratio and also improved with respect to
the ACFI value. However, fit worsened in terms of the ASRMR value. Accordingly, it was
found that the T, value calculated for the S-By” degree of difference was 834.19, and that this
value was higher than the critical value in the 5 distribution table, y 4i(7)=14.07, p<.05.

The findings obtained from the multi-group CFA analyses in relation to the MI for the groups
that took the PISA mathematical literacy test in English, Spanish, Arabic, Portuguese,
Chinese, German, French and Turkish are presented in Table 5.

Table 5
Measurement Invariance Findings Related to English, Spanish, Arabic, Portoguese, Chinese,
German, French, and Turkish Groups of Mathematical Literacy Test (Maximum Likelihood)

S-By’(df)’ Ay*(Adf) v /df  Ay*Ad CFI ACFI SRMR ASRM DECISIO
f R N

English 1039.18(209)  — 497 - 96 - 033 — —

Spanish 818.12(209) - 391 — 96 - 034 - -

Arabic 291.76(209) - 140 - 97 - 045 — -

Portuguese  409.36(209)  — 1.96 - 96 - 044 - -

Chinese 462.97(209) - 222 - 96 - 040 — —

German 393.65(209) - 188 - 96 - 040 - -

French 404.01(209) - 193 - 95 - 046 - -

Turkish 223.01(209) - .07 - 99 - 064 - -

Model 1 19939.59(198  — 1007 - 70 - 120 — —
0)

Model 2 13463.97(182  6475.62(154) 737 4205 81 -11  .076 044 Hy:Reject
6)

Model 3 3930.96(1672) 9533.01(154) 225  61.90 .96 -15  .044 032 Hy:Reject

Model 4 6955.39(1870)  -3024.43(- 372 1528 .92 .04 086 042 Hp:Accept

198)

Model 5 31276.07(213  -24320.68(- 1466 9212 52 .40 110 -024  Hy:Accept
4) 264)

Model 6 29962.82(212  1313.25(7) 1409 187.61 .54 -02  .110 0 Hy:Reject
7)

' p<.05

When the fit indices obtained from the CFAs performed separately for each group taking the
mathematical literacy test in the languages under study are evaluated, it can be stated that the
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fit indices for the eight groups meet the acceptable levels. Accordingly, it is observed that the
S-By” and degree of freedom ratios for the tests, except for those in Chinese, English and
Spanish, were below 2 (for Chinese it was below 3; for English and Spanish it was below 5),
CFI was equal to or above .95, and SRMR was below .08, except for Turkish. An overall
examination of the fit indices indicates that the fit indices of the structural model meet the
acceptable level. Moreover, the fit indices are confirmed separately for each group under
study.

With the purpose of evaluating MI, initially the factor loadings, factor correlations and the
structural model constructed with the hypothesis that there was no significant difference in the
error variances of the groups taking the PISA mathematics test in English, Spanish, Arabic,
Portuguese, Chinese, German, French, and Turkish were tested. The analyses revealed that the
S-By” and degree of freedom ratios were above 5, CFI was below .90 and SRMR was above
.08. An overall examination of the fit indices indicates that the fit indices of the structural
model do not meet the acceptable level.

When the structural invariance (Model 1) and weak factorial invariance (Model 2) models
were compared, it was observed that fit improved in terms of the S-BAy” and Adf ratio for
both models. Accordingly, it was found that the T, value calculated for the S-By” degree of
difference was 10519.73, and that this value was higher than the critical value in the %’
distribution table, ¥ 4i(154)=183.86, p<.05. Moreover, it can be stated that there was a
significant difference in the ACFI value (>-.01); the difference in ASRMR was also found to
be significant (>.03).

When the weak factorial invariance (Model 2) and the strong factorial invariance (Model 3)
models were compared, it was observed that the fit improved in terms of the S-BAy” and Adf
ratio. Accordingly, it was found that the T value calculated for the S-By” degree of difference
was 12562.06, and that this value was higher than the critical value in the % distribution table,
v airi(154)=183.86, p<.05. Moreover, it can be stated that there was a significant difference in
the ACFI value (>-.01); the difference in ASRMR was also found to be significant (>.01).

Finally, when the strong factorial invariance (Model 3) and the strict factorial invariance
(Model 4) models were compared, it was observed that the fit worsened in terms of the S-
BAy’ and Adf ratio. The fit also worsened with respect to the ACFI and ASRMR values.

On the other hand, when Model 4 and Model 5 were compared with respect to the equality in
variance, it can be stated that fit worsened to some degree in terms of the S-BAy” and Adf
ratio. The fit also worsened with respect to the ACFI and ASRMR values. When Model 5 and
Model 6 were compared in terms of the equality in latent means, it can be stated that fit
improved to some degree with respect to the S-BAy” and Adf ratio, and that fit did not change
based on the ASRMR value. Accordingly, it was found that the T value calculated for the S-
By degree of difference was 1578.03, and that this value was higher than the critical value in
the % distribution table, y ui(7)= 14.07, p<.05.

The findings obtained from the multi-group CFA analyses in relation to invariance among the
groups that took the PISA science literacy test in English, Spanish, Arabic, Portuguese,
Chinese, German, French and Turkish are presented in Table 6.

Table 6
Measurement Invariance Findings Related to English, Spanish, Arabic, Portuguese, Chinese,
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German, French, and Turkish Groups of Science Literacy Test (Maximum Likelihood)

S-By’(df)’ Ay*(Adf) y*/df  Ay*Ad CFI ACFI SRMR ASRM DECISIO
f R N

English 2046.87(527) - 3.88 - 97 - .033 = =

Spanish 2489.98(527) - 4.72 — 95 - .038 — -

Arabic 890.27(527) - 1.69 - 95 - .047 = =

Portuguese 2567.35(527) — 4.87 — 89 - .063 — —

Chinese 1195.23(527) - 2.27 - 94 — .045 - -

German 991.28(527) — 1.88 — 95 - .046 — —

French 986.28(527) - 1.87 - 95 - .051 = =

Turkish 632.90(527) - 1.20 - 95 - .076 - -

Model 1 18444.89(469 — 3.93 - 90 - .099 = =
2)

Model 2 16439.10(445  2005.79(238)  3.69 8.43 92 -.02 .077 .022 Hy:Reject
4)

Model 3 11875.98(421  4563.12(238)  2.82 19.17 95  -.03 .063 .014 Hj:Reject
6)

Model 4 13686.42(445  -1810.44(- 3.07 7.61 93 .02 .086 -.023 Hy:Accept
4) 238)

Model 5 27439.13(493  -13752.71(- 5.57 29.32 .84 .09 .093 -007 Hy:Accept
0) 469)

Model 6 24041.22(492  3397.91(7) 4.88 48542 .86 -.02 110 -.017 Hy:Reject
3)

' p<.05

When the fit indices obtained from the CFAs performed separately for each group taking the
science literacy test in the languages under study were evaluated, it can be stated that the fit
indices for the eight groups meet the acceptable levels to a considerable degree. The analyses
revealed that the S-By” and degree of freedom ratios were below 5 for English, Spanish and
Portuguese and below 3 for the other languages; CFI was found to be above .90 for Chinese,
and equal to or above .95 for the other languages, except for Portuguese, for which it was
below .90. As for SRMR, for Portuguese and Turkish, it was observed to be below .08, while
for the other languages it was equal to or below .05. An overall examination of the fit indices
indicates that the fit indices were confirmed separately for all the groups under study.

With the purpose of evaluating MI, initially the factor loadings, factor correlations and the
structural model constructed with the hypothesis showed no significant difference in the error
variances of the groups taking the PISA science literacy test in English, Spanish, Arabic,
Portuguese, Chinese, German, French, and Turkish. The analyses revealed that the S-sz and
degree of freedom ratios were below 5, CFI was equal to .90 and SRMR was above .08. An
overall examination of the fit indices indicates that the fit indices of the structural model meet
the acceptable level at a moderate degree.

When the structural invariance (Model 1) and the weak factorial invariance (Model 2) models
were compared, it was observed that the fit improved in terms of the S-BAy” and Adf ratio.
Accordingly, it was found that the T, value calculated for the S-By” degree of difference was
2256.95, and that this value was higher than the critical value in the % distribution table,
dejff(z?) 8)=274.99, p<.05. Moreover, it can be stated that there was a significant difference in
the ACFI value (>-.01), while the difference in ASRMR was not found to be significant
(<.03).

When the weak factorial invariance (Model 2) and the strong factorial invariance (Model 3)
models were compared, it was observed that the fit improved in terms of the S-BAy” and Adf
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ratio. Accordingly, it was found that the T value calculated for the S-By” degree of difference
was 90152.33, and that this value was higher than the critical value in the % distribution table,
dejff(z?) 8)=274.99, p<.05. Moreover, it can be stated that there was a significant difference in
the ACFI value (>-.01); the difference in ASRMR was also found to be significant (>.01).

Finally, when the strong factorial invariance (Model 3) and the strict factorial invariance
(Model 4) models were compared, it was observed that the fit worsened in terms of the S-
BAy’ and Adf ratio. The fit also worsened with respect to the ACFI and ASRMR values.

On the other hand, when Model 4 and Model 5 were compared with respect to equality in
variance, it was observed that the fit worsened in terms of the S-BAy” and Adf ratio; it also
worsened with respect to the ACFI and ASRMR values. When Model 4 and Model 5 were
compared with respect to equality in latent means, it was found that fit improved to some
degree with respect to the S-By® and df ratio. Accordingly, it was found that the T value
calculated for the S-By” degree of difference was 1151.18, and that this value was higher than
the critical value in the > distribution table, x ai(5)= 14.07, p<.05. It can also be stated that
fit improved with respect to the ACFI value, but worsened in terms of ASRMR.

The MI was analyzed once again within the scope of pairwise comparisons owing to the fact
that MI could not be established for the commonly used languages in the PISA 2015 reading
comprehension, mathematics, and science tests. Thus, the data for the original languages,
English and French, were compared pairwise with Spanish, Arabic, Portuguese, Chinese and
Turkish. The findings obtained as a result of the pairwise comparisons are presented in Table
7.

Table 7
Pairwise Comparisons of Measurement Invariance between English and French Forms and
Other Languages

Reading Comprehension Mathematics Science

English French English French English French
Spanish + + = = + +

(1,2,3) (1,2)

Arabic - - - - - -

(1,2,3) (1,2,3) (1,2,3) (1,2,3) (1,2,3) (1,2,3)
Portuguese = = = = = =

(1,2,3) (1,2) (1,2,3) (1,2,3) (1,2,3) (1,2)
Chinese — + - - + +

(1,3) (1,2,3) (1,2)
German s s + + + +
Turkish - - - — — -

(1,3) (1,2,3) (1,2,3) (1,2,3) (1,3) (1,2,3)

+ M1 is provided; — MI is not provided, !there is a difference in deiff; 2 there is a difference in ACFL ° there is a difference
in ASRMR.

As can be seen in Table 7, in all the tests MI was established only between German and the
original languages. On the other hand, equivalence could not be obtained in any of the tests
between the original languages and Arabic, Portuguese and Turkish. Moreover, equivalence
was not obtained between Spanish and the original languages in the mathematical literacy
test, nor was MI established between Chinese and the original languages in both the reading
comprehension and mathematical literacy tests.
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3.2. Findings Relation to DIF

The DIFs were evaluated according to the test forms belonging to the eight different
languages based on the data sets of PISA 2015 science literacy, mathematical literacy and
reading comprehension tests. In this evaluation, English and French were selected as
reference languages as they are the languages with which the forms of the cognitive tests in
the PISA implementation were developed. The related DIF findings are presented in Table 8.

Table 8
DIF Findings According to Form Language
English French
Mathematics Science Reading Mathematics Science Reading
MH Raju MH Raju  MH Raju MH Raju MH Raju  MH Raju
Il 1.36 1.19 .14 -1.75  209.17 -9.93 7.65 1.71 7.82 -1.51 8.54 -2.45
2 427 -2.27 6.57 -1.82 61.61 -6.05 3.48 -1.35 5.19 -1.37 2.76 -1.13
I3 30.17  -4.28 1711 -3.12 4.35 -1.89 2.44 -1.16 9.27 -1.79 .57 72
14 8.47 1.64 8591 -7.22 10.48 -2.75 1.28 -1.34 4.16 -1.47  12.33  -2.86
I5 7.62 3.13 5.60 3.27 .94 -2.17 .26 3.34 .23 2.10 2829 425
16 2.31 -1.65 3.69 -3.45 1.14 .70 5.29 2.30 15.83 3.20 7.23 3.29
17 1.46 71 5.89 -.98 106.69 -8.00 6.04 1.97 2325 5.30 4.80 -2.02
I8 .52 4.11 .17 -27 18.70 4.57 50.83 5.32 1.35 1.36 .15 -1.58
9 34.94 4.83 .09 2.55 21.15 -3.92 .02 3.24 40 -.94 13.24 248
110 .10 3.44 6.86 1.21 5.58 2.09 .38 1.05 2.14 1.63 6.70 -2.05
1 97.711 2.95 .57 -33 73.31 -7.50 10.58  -1.16 41.64 -5.19 3.21 -1.68
112 1.91 1.05 3.56 1.43 1.58 1.31 40 .90 .00 -34 7.73 -2.21
113 3.19 .73 9.21 2.56 37.78 -4.99 .00 1.38 5.61 2.28 2.92 -1.69
114 3.16 1.78 26.31 4.13 18.60 -2.12 23 .87 6.67 -1.99 4.59 2.08
I15 .90 1.00 10.68 -1.73 5.14 -1.32 .66 -.30 1.44 1.18 4.35 1.97
116 4.17 1.82 18.47  -2.20 7.56 2.05 1.21 4.12 40 -1.63 3.34 -1.33
117 2.13 1.87 .00 .62 6.58 2.42 31 .19 1.52 -2.10 .05 1.13
118 3.69 2.88 24 -1.13 6.06 2.60 .01 1.41 3.19 -1.89 4.37 2.22
119 8.80 2.73 22,05 392 49 74 .52 75 2.44 -1.38 8.08 -2.34
120 2.51 4.31 4498  6.81 21.82 4.56 .04 4.25 14.33 4.35 9.96 3.41
121  24.68  -3.69 7.01 -2.95 27 -43 .61 3.61 A8 -.87 5.92 2.69
122 2.09 -2.07 1.79 .55 21059  -12.31 .19 -.48 .70 .92 5.30 2.55
123 .00 -1.85 .18 -4.50 6.79 2.50 3.73 3.42
124 5.52 1.92 .73 -2.39 3.90 1.11 7.40 -1.98
125 5.25 2.35 82.87 7.39 2.64 1.88 1.33 -75
126 7.06 -1.41 23.40 2.44 42 -.86 31.66  3.57
127 .70 71 67.75 6.57 A8 -.93 8.40 -1.96
128 2398 7.28 31 1.14 12 .56 5.35 -1.97
129 8.79 -1.42 2.99 -1.34
130 42.16 -4.06 6.45 -1.59
131 2115 -3.62 27 2.58
132 .02 4.56 1.96 1.73
133 22.23 7.86 4.84 3.17
134 222 3.79 20.52 1.73

* Values shown in bold are DIF values based on .05 significance level. The others have no DIF.

When the DIF analysis findings were evaluated according to English, the reference test form
of the translated test forms, DIF was detected in 14 (64%) of the 22 items on the mathematical
literacy test, six of which are common (27%); in 26 items (76%) on the science literacy test,
15 (44%) of which are common, and in 23 items (82%) on the reading comprehension test, 18
(64%) of which are common. When the reference group findings of the French test form were
evaluated, DIF was detected in 10 items (45%) on the mathematical literacy test, six of which
are common (14%); in 18 items (53%) on the science literacy test, 8 (53%) of which are
common, and in 20 items (71%) on the reading comprehension test, 19 (68%) of which are
common. In the comparisons of both test forms, DIF was observed mostly in the reading
comprehension items, while DIF was least observed in the items on the mathematical literacy
test.
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Whether or not translations from the fundamental languages of English and French into the
languages of German, Spanish, Portuguese, Chinese, Turkish and Arabic led to DIF between
these languages with reference to English and French was examined individually based on the
data sets of PISA 2015 science literacy, mathematical literacy and reading comprehension
tests. The related findings are presented in Table 9 and Table 10.

Table 9
DIF Findings According to English Form of Other Adaptation Language Forms

Mathematical Literacy Science Literacy Reading Comprehension
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! German, 2 Spanish, 3 Portuguese, 4 Chinese, > Turkish, 6 Arabic, " DIF was determined according to the
Mantel-Haenszel, ® DIF was determined according to the Raju’s area index, ° no DIF, ' DIF was determined
according to both methods

For the mathematical literacy items, when the DIF findings in which the English test form
was taken as the reference group were evaluated, the number of items in which DIF was
detected according to only one of the methods were six (27%) in German, eleven (50%) in
Spanish, eight (36%) in Portuguese, three (14%) in Chinese, four (18%) in Turkish and
fourteen (64%) in Arabic versions of the test. The total number of items with DIF determined
according to at least one method were 12 (55%) in German, 13 (59%) in Spanish, 12 (55%) in
Portuguese, 18 (82%) in Chinese, six (27%) in Turkish, and 21 (95%) in Arabic versions of
the test. In mathematical literacy, the least number of items with DIF was in the Turkish
language form, while the highest number of items with DIF was in the Arabic language form.
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When the DIF analysis findings for the science literacy test were evaluated with respect to the
English test form as a reference group, DIF was detected, based on just one method, in 13
items (38%) in German, in 12 items (35%) in Spanish, in 15 items (44%) in Portuguese, in
four items (12%) in Chinese, in 25 items in Turkish (74%) and in 23 items in Arabic (68%)
versions of the test. The total number of items detected with DIF according to at least one
method is 27 (79%) in German, 29 (85%) in Spanish, 28 (82%) in Portuguese, 23 (68%) in
Chinese, 34 (100%) in Turkish and 33 (97%) in Arabic versions of the test. The least number
of items with DIF in science literacy was in the Chinese language form, while the highest
number of items with DIF was in the Turkish language form. When the DIF findings in which
the English test form is taken as the reference group for the reading comprehension items
were evaluated, the items detected with DIF according to only one of the methods were three
(11%) in German, seven (25%) in Spanish, five (18%) in Portuguese, three (11%) in Chinese,
eight (29%) in Turkish and five (18%) in Arabic versions of the test. The total number of
items with DIF detected according to at least one method was 21 (75%) in German, 24 (86%)
in Spanish, 26 (93%) in Portuguese, 24 (86%) in Chinese, 22 (79%) in Turkish and 23 (82%)
in Arabic versions of the test. The least number of items with DIF for the reading
comprehension test was the German language form, while the highest number of items with
DIF was the Portuguese language form.

Table 10
DIF Findings According to French Form of Other Adaptation Language Forms

Mathematical Literacy Science Literacy Reading Comprehension
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For the mathematical literacy items, when the DIF findings in which the French test form
were taken as the focus group was evaluated, the number of items in which DIF was detected
according to only one of the methods were two (9%) in German, seven (32%) in Spanish,
seven (32%) in Portuguese, six (27%) in Chinese, four (18%) in Turkish and 17 (77%) in
Arabic versions of the test. The total number of items detected with DIF according to at least
one method is four (18%) in German, 11 (50%) in Spanish, nine (41%) in Portuguese, 19
(86%) in Chinese, seven (32%) in Turkish and 21 (95%) in Arabic versions of the test. The
least number of items with DIF in mathematical literacy was found to be in the German
language form, while the highest number of items with DIF was in the Arabic language form.
When the DIF findings in which the French test form is taken as the reference group for the
science literacy items, the number of items with DIF detected based on only one of the
methods was 13 (38%) in German, eight (24%) in Spanish, nine (26%) in Portuguese, two
(6%) in Chinese, 25 (74%) in Turkish and 25 (74%) in Arabic versions of the test. The total
number of items with DIF detected according to at least one method was 22 (65%) in German,
19 (56%) in Spanish, 21 (62%) in Portuguese, 17 (50%) in Chinese, 34 (100%) in Turkish and
34 (100%) in Arabic versions of the test. The least number of items with DIF in science
literacy was found to be in the Chinese language form, while the highest number was in the
Turkish and Arabic language forms. When the DIF findings in which the French test form is
taken as the reference group for the reading comprehension items, the number of items with
DIF detected based on only one of the methods was six (21%) in German, four (14%) in
Spanish, three (11%) in Portuguese, nine (32%) in Chinese, nine (32%) in Turkish and 11
(39%) in Arabic versions of the test. The total number of items with DIF detected according
to at least one method was 14 (50%) in German, 17 (61%) in Spanish, 24 (86%) in
Portuguese, 24 (86%) in Chinese, 20 (71%) in Turkish and 20 (81%) in Arabic versions of the
test. The least number of items with DIF in reading comprehension was found to be in the
German language form, while the highest number was in the Portuguese and Chinese
language forms.

In the condition where the French was taken as the reference group, it was found that there
were fewer items with DIF when compared to the DIF findings in which English was taken as
the reference group. According to the French test language, the total number of items with
DIF was 337: 71 in the mathematical literacy test, 147 in the science literacy test and 119 in
the reading comprehension test. According to the English test language, the total number of
items with DIF was 396: 82 in the mathematical literacy test, 174 in the science literacy test
and 140 in the reading comprehension test.

4. Conclusion and Discussion

In test development and adaptation studies in the field of education, it is important to
psychometrically test the invariance of the factor design obtained from the exploratory and/or
confirmatory factor analyses, which are the most frequently used methods, for the defined
groups in order to obtain empirical evidence in terms of structural validity. Researchers
frequently make between-group comparisons in order to produce either theoretical or practical
knowledge, and they naturally want the decisions they make about the population they want to
generalize their study findings on to be as free from error as possible. As these comparisons
are generally made based on the scores obtained from tests, the factor structure of the tool to
be used in the comparison must definitely be examined by the researchers in order to
determine whether or not it is equal for all the groups. The reason is that if the defined factor
structure of the measurement tool is not equal for all the groups, the scores that the groups
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obtain from these structures will not express the same meaning. When the factor structures are
made equal for all of the groups, it can be maintained that the factor design under study will
have the same meaning for all the groups; thus, the scores the groups obtain from the tests
will be valid.

The general aim of the PISA implementation, which is accepted as the largest education study
in the world, is not to focus on students’ individual achievements, nor is it to provide them
with feedback. Conversely, it provides the participant countries with a report of an internal
and external comparative evaluation of the success of their education system. To this end, in
PISA, three fundamental skills are tested: reading comprehension skill, mathematical literacy,
and science literacy. The tests on which the assessments are based are developed in English
and French. After the tests are developed, they are adapted to other languages. At this point,
the factor structures of the tests developed in the original language and the test forms adapted
to the target language should be equal (MI). Thus, in the present study, whether or not MI is
established in the tests measuring the three fundamental skills in terms of the commonly used
languages in subject, and even if it was not established, the variance item functioning based
on the language variable was examined.

The best working model among the four models for reading comprehension skills with respect
to the MI analyses was the strong factorial invariance model. Accordingly, the forms of the
PISA reading comprehension test in different languages was considered to possess invariance
in terms of factor designs. In other words, it was considered that MI was not established.
When the obtained findings were examined in terms of PH, it was deduced that the fit indices
of the equality model varied from the fit indices of the variance equality model. In each case,
due to the weak fit of the models, the PH could not be obtained. Even if the covariance
matrices of the reading comprehension test are considered to be equal in terms of the eight
languages, the fact that the fit indices in the configural invariance model do not generally
meet the accepted levels increases doubts regarding the lack of MI. It was determined via the
pairwise comparisons that invariance was established between the original languages
themselves and additionally between the original languages and the languages of Spanish and
German. With respect to Chinese, invariance is established only with French, but not with
English. At this point, it is interesting that invariance is not established in ay condition
between the original languages and the languages of Arabic, Portuguese and Turkish.

The best working model for mathematical literacy in terms of MI is again the strong factorial
invariance model. Accordingly, it has been accepted that the factor designs of the forms in
different languages of the mathematical literacy test are not equal; that is, the MI is not
established. When the obtained findings are evaluated in terms of PH, it can be deduced that
the fit indices in the equality model of latent means varied from the fit indices of the variance
equality model. However, in every condition, the model fits were considerably weak, and in
this condition, PH could not be established once again. The fact that the covariance matrices
of the mathematical literacy test were not equal in terms of the eight languages, and that the
fit indices in the configural invariance model did not meet the acceptable levels again
increases doubts regarding lack of MI. The outcome of the pairwise comparisons conducted
with respect to mathematical literacy is quite striking. Accordingly, it was found that
invariance was established within the original languages themselves and in addition only
between the original languages and German, but that invariance was not established in any
condition between the original languages and all the other languages.

Finally, the best working model among the four models for science literacy with respect to the
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MI analyses was the strong factorial invariance model. Accordingly, it was accepted that the
factor designs of the different language forms of the science literacy test were not equal in
terms of factor designs. When the obtained findings were evaluated in terms of PH, it was
stated that the results obtained for reading comprehension and mathematics were consistent;
in other words, PH could not be established. In the pairwise comparisons, it was found that
invariance was established among the original languages themselves and additionally between
the original languages and Spanish, Chinese and German. Similar to the results obtained from
reading comprehension and mathematics, it can be stated that there was no equality between
the factor structures of the forms in the original languages and those in Arabic, Portuguese
and Turkish.

When the literature on the research topic within the scope of large-scale tests is examined,
only a limited number of research studies are encountered. In a study by Ercikan and Koh
(2005), the MI was tested for the mathematics and science tests of the TIMSS 1995
implementation. It was concluded in the study that MI could not be established in any of the
eight booklets in the comparison of the USA-English and French languages in the
mathematics test; similarly, MI could not be established in three of the eight booklets in the
comparison of French and Canadian and British English. Furthermore, in the science test, it
was found that MI could not be established in any of the eight booklets in the comparison
between USA-English and French, and between French and Canadian and British English. In
another study on the 1999 TIMSS mathematics scores, Wu, Li and Zumbo (2007) looked into
the MI among the scores in 21 countries. It was found that MI in two of the 21 comparisons
were established; however, it was concluded that among 19 of the comparisons, weak or
strong factorial invariance models possessed better fit indices. Ayvalli (2016) reported that the
best working model for MI for the PISA 2012 mathematical literacy test among the OECD
countries was the strong factorial invariance model.

In the present study in which DIF was examined, it was determined that in the condition
where French was taken as the reference group, there were fewer items with DIF when
compared to conditions where English was taken as the reference group. This shows
similarity with the findings reported by Alath and Bokeoglu (2018). In their study where the
French test form was taken as the reference group, Alatli and Bokeoglu (2018) identified
items with DIF in mathematical literacy with percentages of 40% for Chinese, 32% for
Turkish; in science literacy, 0% for Chinese and 20% for Turkish and in reading
comprehension, 21% for Chinese and 7% for Turkish. In similar comparisons where English
was taken as the reference group, items with DIF were found at ratios ranging between 21%
and 67%.

In the present study where two languages were taken as reference groups, and a total of eight
languages were compared, DIF was detected in more than half of the items. This situation can
be interpreted as the variety in specifically the number of languages leading to an increase in
items with variance item functioning.

In comparisons to be made in large-scale international test implementations such as PISA and
TIMSS, whether or not items display DIF should be examined, and when items do display
DIF, the underlying reasons should be investigated. In addition, to eliminate problems
deriving from translation and cultural factors, the people in international commissions should
be experts and should work carefully. Care should be given to the selection of translators who
work in such kinds of exams and to the cooperative work of translators and experts on
assessment and evaluation.
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In conclusion, that MI could not be obtained in all the tests in terms of the commonly used
languages and because the number of items with DIF turned out to be high, it can be asserted
that language and cultural invariance could not be ensured. Thus, it is essential to approach
the decisions made based on the comparisons among countries and the rankings based on the
test implementations in different languages, which constitutes the foundation of the
implementation, with doubt. The translations from the original language to the target language
and adaptation processes should be questioned as a potential source of this condition. In these
studies, not only language experts, but also people who know the language and culture very
well, experts on educational psychology, experts on the field of assessment and evaluation
and experts on testing should be made to take an active role in the process.

There are two limitations in this study. Firstly, only eight languages were examined: seven are
widely used languages, and the eighth is Turkish. Secondly, only two DIF detection methods
are used. Consequently, the results are confined to those languages. In future studies,
researchers can repeat the research using other languages and different DIF detection methods
to identify issues in standardized testing arising from culture and translation and to outline
ways to improve test accuracy. Because standardized testing plays such a large role in
creating curricula, understanding the areas where improvements are necessary is essential to
decision making in education; therefore, it would be beneficial for future studies to address
the limitations and broaden the scope of the present study.
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